| INTRODUCTION
Dementia is one of the most important causes of dependency and disability in the global adult population. 1 It is estimated that currently almost 50 million people are diagnosed with dementia, and this figure is projected to increase to 132 million by 2050. 2 The prevalence of dementia in low-and middle-income countries (LMICs) is rapidly growing owing to an increase in life expectancy. This evolution places pressure on the socioeconomic systems in these countries. 1 Specifically, the proportion of those with dementia residing in LMICs is expected to rise from 58% in 2015 to 68% in 2050. 3 As there are at present no effective treatments for dementia, 4, 5 there is an increasing emphasis on intervening in the precursory stage of dementia such as mild cognitive impairment (MCI). The identification of modifiable risk factors for cognitive decline among people with MCI can serve as a target for prevention of later onset dementia. As a next step, evidence for the efficacy and (cost-)effectiveness of prevention programs that focus on local contexts and modifiable risk factors needs to be strengthened in order to design effective interventions and appropriate public health policies. This may be particularly relevant in the context of LMICs where availability of health care for dementia may be limited.
An emerging body of evidence shows that noncognitive features such as muscular weakness and slow gait speed (measures of physical functioning) may be useful biomarkers to predict the incidence of cognitive decline. [6] [7] [8] Changes in the performance of motor tasks (eg, handgrip strength and gait) have been associated with changes in cognition and are a harbinger of impending cognitive decline. 8, 9 This may be due to several mechanisms. First, both cognitive and motor performance rely upon the nervous system to execute physical activities; thus, any deficit in the nervous system may result in deficits in cognitive and motor functioning. 6 Second, white matter hyperintensities, which are a common neuropathological characteristic of MCI, 10 have been associated with greater cognitive 10 and muscular mass decline 11 and slowing of gait speed. 12 Finally, participation in physical activity improves muscular fitness 13 while it may be useful for maintaining neuronal health, 14 indicating that a person's lifestyle serves as a mediating factor to offset potential cognitive decline and physical frailty. From a public health and clinical perspective, the assessment of handgrip strength is of particular relevance as it is an objective measure of muscular fitness that is easily measurable at a low cost. 15 Stronger handgrip strength is also related to a better ability to perform self-care tasks. 16 Although it is well established that increasing age is associated with a decline in physical and cognitive abilities, the association between these abilities has most often been reported in normal aging studies and less in people with MCI. 8 Additionally, whereas multiple population-scale studies have shown associations between weak handgrip and cognitive impairments in high-income countries, 8, 17, 18 
Key points
• Weak handgrip strength is associated with a higher odds for mild cognitive impairment.
• Handgrip measures may help to identify persons who are likely to have mild cognitive impairment.
93%, Ghana 81%, India 68%, Mexico 53%, Russia 83%, and South Africa 75%. Sampling weights were constructed to adjust for the population structure as reported by the United Nations Statistical Divi-
sion. Ethical approval was obtained from the WHO Ethical
Review Committee and local ethics research review boards. Written informed consent was obtained from all participants.
| Mild cognitive impairment (outcome)
MCI was ascertained based on the recommendations of the National Institute on Aging-Alzheimer's Association. 24 We applied the identical algorithms used in previous SAGE publications to identify cases of MCI. [25] [26] [27] Briefly, individuals fulfilling all of the following conditions were considered to have MCI:
1. Concern about a change in cognition: Individuals who replied "bad" or "very bad" to the question "How would you best describe your memory at present?" and/or those who answered "worse" to the question "Compared to 12 months ago, would you say your memory is now better, the same or worse than it was then?" were considered to have this condition. were not included in the current study.
| Handgrip strength (exposure)
Grip strength was measured twice by trained research assistants for both hands with the use of the Smedley's hand dynamometer. If the participant had any surgery in the last 3 months or arthritis or pain in the hand/wrist/arm, grip strength was not measured for that hand.
Weak handgrip strength was defined using standard cutoffs of less than 30 kg for men and less than 20 kg for women, 31 using the mean average of the two handgrip measurements of the dominant hand.
| Control variables
The selection of control variables was based on past literature and included age, sex, wealth quintiles based on country-specific income, years of education, physical activity, obesity, number of chronic physical conditions, and depression. 7, 32 Physical activity levels were assessed with the Global Physical Activity Questionnaire. 33 The total amount of moderate to vigorous physical activity in a typical week was calculated based on self-report. Those scoring greater than or equal to 150 minutes of moderate to high intensity physical activity were classified as meeting the recommended guidelines (coded = 0), and those scoring less than 150 minutes (low physical activity) were classified as not meeting the recommended guidelines (coded = 1). 34 Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared based on measured weight and height. Obesity was defined as
. 35 The total number of 11 chronic physical conditions (angina, arthritis, asthma, chronic back pain, chronic lung disease, diabetes, edentulism, hearing problems, hypertension, stroke, and visual impairment) was summed per individual. These conditions were assessed by self-report of diagnosis, symptoms, or blood pressure measurement (see Table S1 ). Questions based on the World Mental Health Survey version of the Composite International Diagnostic Interview 36 were used for the endorsement of DSM-IV depression.
| Statistical analysis
The statistical analysis was done with Stata 14.1 (Stata Corp LP, College Station, Texas). The analysis was restricted to individuals aged 50 years or older due to the age-related nature of MCI. The difference in sample characteristics by handgrip strength was tested by chi-squared tests and Student's t tests for categorical and continuous variables, respectively. We assessed the association between weak handgrip strength (exposure) and MCI (outcome) with multivariable logistic regression. Analyses using the overall sample and analyses stratifying by age (50-64 and 65 y or older) and country were done. The regression analyses were adjusted for age, sex, wealth, education, physical activity, obesity, number of chronic physical conditions, and depression. To assess the level of between-country heterogeneity, the Higgins' I 2 statistic was calculated. This represents the degree of heterogeneity that is not explained by sampling error with a value of less than 40% often considered as negligible and 40% to 60% as moderate heterogeneity 37 . A pooled estimate was obtained by combining the estimates for each country into a random-effect meta-analysis. Analyses using the overall sample were also adjusted for country by including dummy variables for each country. All variables were included in the models as categorical variables with the exception of age, years of education, and number of chronic conditions (continuous variables). The sample weighting and the complex study design were taken into account in all analyses. Results from the regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P < 0.05.
| RESULTS
The final sample consisted of 32 715 individuals (China, n = 12 815; Ghana, n = 4201; India, n = 6191; Mexico, n = 2070; Russia, n = 3766;
and South Africa, n = 3672), aged 50 years or older with preserved independence in functional abilities. The mean (SD) age of the sample was 62.1 (15.6) years, and 49.0% were males ( (Table 2 ). Countrywise analyses showed that weak handgrip strength is associated with MCI in all countries although statistical significance was reached only in Ghana and China (Figure 2 ). The
Higgin's I 2 showed that there was no between-country heterogeneity in the association between weak handgrip strength and MCI.
| DISCUSSION

| General findings
The current study shows that the prevalence of MCI is higher among those with weak handgrip strength. More specifically, a weak handgrip strength was associated with an almost 1.5 times higher odds Abbreviations: CI, confidence interval; OR, odds ratio. Models are adjusted for all variables in the table and country.
*P < 0.05. **P < 0.01. ***P < 0.001.
FIGURE 2
Countrywise association between weak handgrip strength and mild cognitive impairment (outcome) estimated by multivariable logistic regression. Models are adjusted for age, sex, wealth, education, physical activity, obesity, number of chronic physical diseases, and depression. Overall estimate was obtained by meta-analysis with random effects. CI, confidence interval; OR, odds ratio [Colour figure can be viewed at wileyonlinelibrary.com] cognitive decline and impairment. 7 Vice versa, there is evidence that cognitive decline precedes declines in handgrip strength as greater cognitive loss is associated with weaker grip strength. 41 Support for the proposition that cognitive decline precedes declines in handgrip strength may be based on the understanding that motor skill learning and motor output are dependent on the activity of the frontal and parietal brain regions and the interconnection between these regions are related to motor output. 41 Nonetheless, a recent study with a longer follow-up period assessed 708 adults at six time points over a 20-year period and concluded that the strength and stability of the connections between handgrip strength and cognition indicate bidirectionality and/or third-factor causality. 42 With regard to thirdfactor causality, both lower muscle strength and cognitive impairment occur in concert with a higher risk for chronic diseases 43 and low physical activity participation 44, 45 which are on their turn risk factors for further cognitive decline. However, the association between weak handgrip strength and MCI remained significant in our study even after controlling for chronic conditions, depression, and physical inactivity indicating that the relationship is likely to be explained by underlying biological mechanisms, which were not assessed in the current study. However, the biological basis of the association remains largely unknown. 61 In the current study, and in accordance with previous publications, 32,62 a rather conservative definition for preservation of independence in functional abilities was used in order to not exclude people with MCI with disability not related with their cognitive ability. Third, because this was a cross-sectional study, causality cannot be inferred. Although our data provides some potential hypotheses to address the weak muscle strength and MCI relationship, longitudinal studies are required to better disentangle the relationships we observed.
In conclusion, despite these limitations, the current study shows 
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